Two peat moss species, frequent both in the mainland Portugal and in the Azores archipelago, were evaluated for essential oil composition and establishment under in vitro culture. Sphagnum auriculatum and Sphagnum subnitens essential oils were isolated by hydrodistillation and analysed by Gas Chromatography (GC) and Gas Chromatography-Mass Spectrometry (GC-MS). The essential oil of S. auriculatum was dominated by an as yet unidentified sesquiterpene, whereas zierene was the main component of S. subnitens essential oil. The in vitro cultures were successfully established for future studies of their chemical profile. The components present in essential oils obtained from S. auriculatum and S. subnitens together with morphological traits could be used to support the taxonomy of this plant group.
S. subnitens, Figure 2 , forms turfs or hummocks in bogs, peaty heath lands, wet grasslands, by streams and mountain lakes and on damp, acidic soils and slopes [2] . This is an oceanic species, occurring in eastern and western N America but absent from the continental interior. It can be found in most of Europe but is rare in the far north and montane areas from the south. It is considered one of the less acid-demanding Sphagnum species that it is able to spread rapidly to newly available habitats [3] .
Studies on the chemical composition of solvent extracts of diverse Sphagnum species have shown the presence of triterpenoids, fatty acids and diverse phenolic compounds [4] [5] [6] [7] [8] , but no information exists on their volatiles. This study aimed at evaluating the essential oil profile of the two Sphagnum species and to establish them under in vitro culture.
Although both species can be polymorphic, Table 1 , in particular S. auriculatum, they can be distinguished based on the study of the main gametophytic characters. S. auriculatum, has stem leaves with more than 1 mm long, concave and similar to the branch leaves. The hyaloderm of the stem is unstratified and the branches are similar to each other. S. subnitens has the leaves from the branches of the central part of the capitula very large and tubulous, and the leaves from the stem have a mucronate apex due to the incurved margins [1] . Plants medium-sized to relatively robust, green variegated with yellow to brown or red with stem leaves triangular to triangularlingulate mostly without fibrils. RI: In-lab calculated retention index relative to C 9 -C 22 n-alkanes on the DB-1 column, *tentatively identified based on mass spectra only, t: traces (<0.05%), UI: Unidentified compounds. The essential oil of S. auriculatum was dominated by an as yet unidentified sesquiterpene, Figure 3 , whereas zierene was the main component of S. subnitens essential oil, Figure 4 , Table 2 .
The in vitro cultures, Figure 5 , were successfully established for future studies of their chemical profile. Previous works with other species have shown the potential of in vitro culture in reintroduction studies and as a sustainable way of working with peat mosses [9] .
In conclusion, the components present in essential oils obtained from S. auriculatum and S. subnitens together with morphological traits could be used to support the taxonomy of this plant group.
Plant volatiles are important not only from an industrial point of view, but can also be used in chemosystematics studies. Nevertheless, the chemical composition often depends on biotic and abiotic factors, thus samples from each species grown in different habitats should be examined. The number of studies carried out so far on the volatile composition of this group is still rather scarce. Although the present study showed a marked different chemical profile between the two species, further studies will be needed to ascertain if the essential oil composition can be used as an additional taxonomic marker within other Sphagnum species. 
Experimental

Isolation of Essential Oils:
The essential oils (EO) were isolated from dried plant material (10-20g d.w.), by hydrodistillation for 3 h, using a Clevenger-type apparatus, according to the European Pharmacopoeia method [10] . Given the essential oil low yield, the EO was recovered from the graduated tube of the Clevenger apparatus after rinsing with distilled n-pentane (n-pentane ≥99% purity, HPLC grade, is in lab distilled prior to use, to remove stabilizers that may contaminate the sample, particularly low essential oil yield samples) when the distillation procedure was over, and allowed to settle for about 10-15min. For this procedure, the tap was open anti-clockwise, so that the water flowed out of the connecting tube until just below the filling funnel. Distilled npentane was introduced in the filling funnel followed by water, so that pentane evaporated, with the residual heat of the distillation flask, and then condensed, and dissolved the EO, over the aqueous phase in the graduated tube. The tap was then open clockwise, in order to recover the mixture of distilled n-pentane and EO in an appropriate vial. The mixture was then concentrated to a minimum volume of about 100µl, at room temperature under nitrogen flux, using a blow-down evaporator system. After extraction and until analysis, the EO samples were stored at -20 °C in the dark.
Analysis of essential oils
Gas Chromatography (GC): Gas chromatographic analyses were performed using a Perkin Elmer Clarus 400 gas chromatograph equipped with two flame ionization detectors (FIDs), a data handling system and a vaporizing injector port into which two columns of different polarities were installed: a DB-1 fused-silica column (polydimethylsiloxane, 30 m x 0.25 mm i.d., film thickness 0.25 µm; J & W Scientific Inc., Rancho Cordova, CA, USA) and a DB-17HT fused-silica column [(50% phenyl)-methylpolysiloxane, 30 m x 0.25 mm i.d., film thickness 0.15 µm; J & W Scientific Inc.]. Oven temperature was programmed, 45-175 °C, at 3 °C/min, subsequently at 15 °C/min up to 300 °C, and then held isothermal for 10 min; injector and detector temperatures, 280 °C and 300 °C, respectively; carrier gas, hydrogen, adjusted to a linear velocity of 30 cm/s. The samples were injected using split sampling technique, ratio 1:50. The volume of injection was 0.1 µL of a n-pentaneessential oil solution (1:1). The percentage composition of the volatiles were computed, by the normalization method from the GC peak areas, calculated as mean values of two injections, from each sample, without using the response factors.
Gas Chromatography-Mass Spectrometry (GC-MS):
The GC-MS unit consisted on a Perkin Elmer Clarus 600 gas chromatograph, equipped with DB-1 fused-silica column (30 m x 0.25 mm i.d., film thickness 0.25 µm; J & W Scientific, Inc.), and interfaced with a Perkin-Elmer 600T mass spectrometer (software version 5.4.2.1617, Perkin Elmer, Shelton, CT, USA). Injector and oven temperatures were as above; transfer line temperature, 280 °C; ion source temperature, 220°C; carrier gas, helium, adjusted to a linear velocity of 30 cm/s; split ratio, 1:40; ionization energy, 70 eV; scan range, 40-300 u; scan time, 1 s. The identity of the components was assigned by comparison of their retention indices, relative to C -C 22 n-alkane indices and GC-MS spectra from a lab-made library, created with reference essential oils, laboratory-synthesized components, laboratory isolated compounds and commercial available standards. (17) In vitro culture establishment: For in vitro cultivation, portions of both Sphagnum species were washed with running tap water for 5 min, then immersed in a 1% commercial detergent solution for 10-20 s, followed by NaOCl for 10-20 s. In asepsis, the Sphagnum species portions were rinsed, 3 times, with ultrapure sterile water, then transferred to solid Schulz medium [11] , and maintained at 24 °C in a 16 h light photoperiod [cool fluorescent lamps (32 µE m -2 s -1 )]. Routine subculture was performed monthly.
